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Summary 
~:~e!  To determine in the knee which individual radiographic feature or combination of features in the 
oral and tibiofemora] joints correlate best with a nonradiographic definition of clinical osteoarthritis in 
~ i : i~  r~Commend a definition of radiographic osteoarthritis for use in studies. 
~s!  Using data from the Framingham Osteoarthritis Study, we tested the correlation of clinical OA, defined 
a~ ~e~ knee pain plus crepitus, with a variety of definitions of radiographic OA including those based on individual 
ra~:~'~h ic  features, e.g. ~ grade 2 osteophyte (~3 scale, and new definitions that included alternative combinations 
:~ l~e~es l  [e.g. either _> grade 2 osteophyte or joint space narrowing >_ grade 2 (0-3 scale) with a bony feature (such 
~ ~St, sclerosis, or grade 1 osteophyte)]. We performed analyses looking at participants who had obtained both 
~f i t -bear ing  anteroposterior (AP) and lateral radiographs of both knees. 
.i: ~esults:,In 519 participants, we found that the definitions of radiographic osteoarthritis best correlated with clinical 
~ were definite osteophyte _>grade 2 (efficiency 62.4-67.1%) and an alternate definition' of either osteophytes 
~:grade 2or joint space narrowing _> grade 2 with a bony feature of OA (efficiency 62.8-68.1%). A recursive partitioning 
analysis selected the 'alternate definition' as best. Also, we found that adding lateral views to the AP view improved 
the diagnostic test performance of the best performing radiographic definitions. 
Conclusion: We suggest hat a knee should be characterized as having radiographic OA if there is either an 
osteophyte of grade 2 or greater severity (0 3 scale) present or the presence of moderate to severe joint space narrowing 
(~2 on a 0-3 scale) with co-occurrence of a bony feature in the compartment affected. 
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Introduction 
FOR over 30 years,  rad iograph ic  f indings have  been 
the most  widely used method to character i ze  the 
presence of osteoarthr i t i s  (OA) in popu la t ion  
studies of disease. Whi le other  grad ing systems 
have  been proposed [1], the scales proposed by 
Kel lgren and Lawrence  in 1962 [2] have been 
widely used to determine whether  par t ic ipants  in 
studies have OA, especia l ly  in the knee. General ly ,  
a person whose rad iographs  reveal  grade 2 or 
greater  (at least  definite osteophytes)  have  been 
character ized as hav ing  disease. 
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tDeceased. 
Even though widely used, Ke l lg ren  and 
Lawrence  grad ing scales developed for the antero-  
poster ior  (AP) v iew of the knee have not  been well  
val idated.  A recent  study [3], showed that  Ke l lgren 
and Lawrence  grade 2 or greater  and definite 
osteophytes  as a single rad iograph ic  feature  both  
corre late  well with pain, but  left a number  of 
quest ions unanswered.  The number  of subjects  
with rad iograph ic  features,  especial ly  advanced 
ones, was small. The definite osteophytes that  were 
tested, based on the publ ished atlas, are large, 
ra is ing quest ions as to whether  an appropr ia te  
def init ion of osteoarthr i t i s  by rad iograph  might  
include smal l  osteophytes.  The study inc luded a 
developmeri~ but  no test sample, and thus, 
rep l icat ion of the assoc iat ions of osteophytes  and 
Kel lgren and Lawrence  cr i ter ia  wi th  pa in  is 
important .  Last ly,  the Ke l lgren and Lawrence  
cr iter ia,  af ter  all, incorporate  osteophytes,  jo int  
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space narrowing and other features in their 
grading. It is conceivable that another definition of 
disease incorporating a combination of radio- 
graphic features correlates better with symp- 
tomatic disease than abnormalities in a single 
radiographic feature. A clinician's approach to 
evaluating radiographic OA often entails such an 
implicit evaluation of multiple features. 
In the knee, recent data suggest that the 
patellofemoral joint is frequently affected by 
symptomatic OA and is a source of disability [4], 
and imaging of the patellofemoral joint has been 
recommended for all population studies [5] and has 
been incorporated into many [6, 7]. Unfortunately, 
Kellgren and Lawrence developed no sta~flards for 
the evaluation of the patellofemoral joint, and it is 
unclear how Kellgren and Lawrence grades hould 
apply to the patellofemoral joint. It is conceivable 
that the correlation of pain with radiographic OA 
could improve with the incorporation of 
patellofemoral views, but this has not been tested. 
Using data from the Framingham Osteoarthritis 
Study, in which an elderly population-based group 
underwent questioning about knee symptoms, a
physical examination, and AP and lateral weight- 
bearing radiographs, we attempted to address 
many of the above questions. First, we evaluated 
which individual radiographic features or combi- 
nations of features correlated best with a nonradio- 
graphic definition of clinical OA. Second, we 
attempted to replicate recent findings suggesting 
that osteophytes and Kellgren and Lawrence 
_> grade 2 status correlate well with pain in the AP 
view. Next, we tested whether the presence of 
osteophytes smaller than those previously evalu- 
ated might provide good definitions of OA. Lastly, 
we tested how much the correlation of pain and 
radiographic OA improved with one added infor- 
mation from the lateral view to information 
available only from the AP view. 
Methods  
The Framingham Osteoarthritis Study is a 
longitudinal study of OA whose participants are 
members of the Framingham Heart Study Cohort, 
a population-based sample. This now elderly group 
has been followed biennially since 1948. The 
follow-up exam used in this investigation was 
conducted uring biennial examination 22 (1992- 
1993) and included questions about current and 
past knee symptoms, a physical examination for 
crepitus and AP weight-bearing and lateral 
semiflexed weight-bearing knee X-rays. Standard 
radiographic technique was used without fluoro- 
scopic positioning. During the first half of this 
examination, only participants with any knee 
symptoms (responding positively to any of three 
knee symptom questions in either knee) obtained 
lateral knee radiographs. A change in the protocol 
was instituted at the middle of the examination 
whereby all participants obtained lateral weight- 
bearing radiographs. 
During the examination, three questions about 
knee pain were asked. First, participants were 
asked, 'Have you ever had pain in or around your 
knee on most days of the months?' and if 
responding 'Yes', they were asked when the last 
time the pain was. Participants were characterized 
as having current knee symptoms if the last 
episode was during the" year of the exam. This 
wording corresponds to the initial Framingham 
Osteoarthritis Study question on knee pain, and 
also to the NHANES I question on knee pain. It 
had been used in previous studies to define the 
prevalence of symptomatic knee OA [8, 9]. Second, 
participants were asked, 'On most days, do you 
have pain, aching or stiffness in either of your 
knees?' and third, they were asked, 'In the past 
month, have you had any pain, aching or stiffness 
in either of your knees?' 
We defined frequent knee pain as present when 
a participant gave a positive response to any of the 
first two questions regarding knee pain. Clinical 
OA was defined as frequent knee symptoms plus 
the presence of crepitus on physical examination. 
AP and lateral radiographs were read by two 
teams of readers (for details see references [7] & 
[10]) and for both individual radiographic features 
and overall grades of osteoarthritis, reading 
reliability was high [7, 10]. Reading of individual 
radiographic features in the tibiofemoral compart- 
ments on AP view, in the patellofemoral compart- 
ment on the lateral view and in the tibiofemoral 
compartments also on the lateral view, were read 
according to the following schemes: osteophytes 
0-3, joint space narrowing 0-3, sclerosis on a 0-3 
scale, and cysts as present or absent. The 
Framingham atlas examples of osteophytes and 
joint space narrowing scales on the AP view are 
shown in Fig. 1. It should be noted that grade 2 
osteophytes in our atlas correspond roughly to 
grade 1 osteophytes in other atlases [11, 12]. A 
modified Kellgren and Lawrence scale was used 
[10]. Although slightly different from the Kellgren 
and Lawrence scale in an attempt o incorporate 
joint space narrowing alone as a criterion for OA, 
we found that the agreement between previous 
readings using the traditional Kellgren and 
Lawrence scale and the modified Kellgren and 
Lawrence scale was extremely high (kappa =0.79 
for one reader who read both sets of film using 
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FIG l(b) 
Fro. 1. (a) Framingham OA study atlas of grade 0-3 osteophytes. (b) Framingham OA study atlas of grade 0-3 joint 
space narrowing. 
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~erent  criteria), and none of the knees read as 
~de.  2 or greater using the modified scale had 
~sbl,~ed joint space narrowing. 
:: : 5~ radiographic features we tested included the 
~,,,,.iiisen6e of specific individual radiographic fea- 
the AP view or the AP and lateral views. 
~':~!4::: ~Ies include the presence of any osteophyte 
~ d e  1 (0-3 scale) or the presence of any joint 
~ae~inarrowmg of _ grade 2 (0-3). In addition, in 
~u~itat ion with the team of radiologists and 
tologists who read study films, we created 
i~ !~i alternate definitions of radiographic OA 
~ ~bte  I). Each of these used Boolean rules to 
!~he presence of radiographic OA, requiring 
osteophyte of at least grade 2 (0-3 scale) 
~i~Nbination fother features. For example, in 
it 1, a knee could be characterized as 
i~OA if it had a grade 2 osteophyte or if there 
ihe presence of at least grade 2 joint space 
~OWlng with either sclerosis, cysts, or the 
~ee of a grade 1 osteophyte. Alternate 
~e~l~mns 2 and 3 encompassed the alternate 1 
~ition, yet offered other options for character- . . . .  
~zmg a knee as having osteoarthritis. In addition, 
NO tested the possibility that the sum of individual 
~diograph ic  features might be a good way to 
~f ine  osteoarthritis by evaluating a candidate 
~gfinition of osteoarthritis in which the sum of the 
scores of individual radiographic features (adding 
scores for the osteophyte, joint space narrowing, 
etc. in each knee) was at least 2. Also, because in 
p~evious work [3] osteophytes have been found to 
correlate well with the occurrence of pain, we tried 
a candidate definition which added all osteophyte 
scores in a knee. 
The goal of the current study was to test in a 
knee for associations between symptom-based 
clinical OA on the one hand and the presence of 
specific radiographic features on the other. For 
each candidate definition of radiographic OA, we 
tested its correlation with clinical OA using the 
AP view only. Then we evaluated its correlation 
using the AP and lateral views. For the AP and 
lateral views, we required that individual radio- 
graphic features must occur in this same compart- 
ment (tibiofemoral disease corresponds to one 
compartment, patellofemoral disease to the other 
compartment). Therefore, for example, a knee 
would not be characterized as having OA if there 
were grade 2 joint spacing narrowing in the 
tibiofemoral compartment and a grade one 
osteophyte in the patellofemoral compartment. 
To test the strength of association between 
clinical OA versus different radiographic deft- 
nitions of OA, we tested the sensitivity and 
specificity of each candidate radiographic defi- 
nition, computed each definition's efficiency [(Sen- 
sitivity + Specificity)/2] and evaluated the 
agreement between the radiographic definition 
and symptoms using chi square tests of association. 
We performed these analyses first looking at the 
radiographic findings on the AP view and then 
progressing to testing the associations of clinical 
OA with radiographic features in AP and lateral 
views. For all analyses, we excluded participants 
with known rheumatoid arthritis (RA) (N=8) 
defined as clearcut radiographic signs of RA 
[including marginal joint erosions in an appropri- 
ate distribution on hand radiographs (all subjects 
had hand radiographs)]. These eight participants 
also had either self-reported RA or reported 
treatment with second line drugs• Also, all knees 
with an unreadable individual radiographic fea- 
ture were excluded• 
Table I 
Candidate definitions of radiographic osteoarthritis using combinations of features* 
Definition name Criteria 
Alternate 1 Either an osteophyte _>grade 2 (0-3 scale) 
Alternate 2
Alternate 3
or  
joint space narrowing ->_grade 2 (0-3) with either 
sclerosis, cyst, or an osteophyte grade 1 
Same as alternate 1
or 
osteophyte grade 1 and 
any sclerosis or joint space 
narrowing 
Same as alternate 1
or  
sum of individual radiographic 
features >grade 2
*Combination ffeatures must be present in the same compartment. 
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To further evaluate the radiographic features 
best correlated with clinical OA, we performed a
form of recursive partitioning analysis using 
CART (S-PLUS version). At each step, CART tests 
all possible dichotomous breaks of continuous and 
ordinal variables (in this case individual radio- 
graphic features) to find the one that best 
separates disease (clinical OA) from nondisease 
(no clinical OA). After selecting one variable on 
which to partition participants, the CART pro- 
gram then looks within subgroups to define yet 
smaller subgroups that would consist of even more 
homogeneous nondisease or disease samples. 
CART analysis contains an internal validation 
process. To avoid analyzing data from twp knees in 
an individual as if they were independent, we 
selected one knee randomly from each participant 
and used that knee in this analysis. 
Resul ts  
After excluding participants with RA, 1000 
participants answered all questions about knee 
pain, got AP knee radiographs and had a physical 
exam. The mean age of these participants was 79.4 
(+ 5.4) years and 34.7% were male. Mean weight of 
the group was 69.6 kg (14.5 S.D.) and 6% gave a 
history of having experienced a knee injury req- 
uiring the use of crutches or a cane. Of these parti- 
cipants, 587 also obtained lateral radiographs. The 
mean age of this group was 78.9 (+4.8)years, 35.9% 
were male and 7.5% had sustained a knee injury. 
Nine hundred and eighty-four (AP) and 579 (AP 
and lateral) of these had evaluable crepitus. The 
numbers of these participants with readable and 
nonmissing data for all radiographic features were 
955 (AP knees) and 518 (AP and lateral knees). 
Those with missing readings on some features did 
not differ from those with all features present. 
The prevalence of left and right knee symptoms 
and of clinical OA is shown in Table II. The lowest 
prevalence of knee symptoms was elicited by the 
NHANES I question inquiring into pain in or 
around the knee on most days of h month (10.7% 
of participants in left knee; 10.8% of participants 
in right knee). The question inquiring about pain, 
aching or stiffness on most days elicited a slightly 
higher prevalence of knee pain (15.6% left knee; 
15.3% right knee). A positive response to either of 
these two questions (which we characterized as 
frequent knee pain) occurred in 19.5% on the left 
and 19.2% on the right. The prevalence of clinical 
OA defined as frequent knee pain and crepitus was 
15.2% on the left and 15.0% on the right. 
To validate the Kellgren and Lawrence based 
definition of OA !and to confirm the strong 
associations found between osteophytes and clini- 
cal OA, we looked at the association of individual 
radiographic features ~:'with the occurrence of 
nonradiographically defined clinical OA (see 
Table III). For AP knee radiographs only, a 
Kellgren and Lawrence grade of 2 or greater 
correlated well with the presence of clinical OA. 
Other radiographic definitions that were highly 
associated with the occurrence of clinical OA 
included a knee with an osteophyte of at least 
grade 2, any sclerosis, and alternate definition 1. 
We next evaluated whether the additional 
information provided by lateral radiographs im- 
proved the diagnostic test performance of the 
radiograph and altered which radiographic defi- 
nitions correlated best with clinical OA. We did 
this by restricting analyses to only knees that 
underwent AP and lateral radiographs (see 
Table II 
Prevalence of left and right knee symptoms and clinical osteoarthritis (OA) in Framingham cohort 
All participants with AP knee 
X-rays* 
Participants with AP and lateral knee 
X-rayst 
Prevalence in Prevalance in Prevalence in Prevalence in 
left knee right knee left knee right knee 
Question 1: 
Had pain in or around knee 
on most days of recent month? 
Question 2: 
Had pain, aching or stiffness on 
most days? 
Postive response to 1 or 2 
(frequent symptoms)  
Clinical OA 
All participants whose X-rays had 
all features graded 
112/1051 (10.7%) 
156/1001 (15.6%) 
195/1000 (19.5%) 
153/983 (15.6%) 
145/955 (15.2%) 
114/1051 (10.8%) 
153/1001 (15.3%) 
192/1000 (19.2%) 
151/984 (15.3%) 
143/955 (15.0%) 
97/595 (16.3%) 
135/588 (23.0%) 
169/587 (28.8%) 
142/579 (24.5%) 
119/518 (23.0%) 
98/595 (16.5%) 
135/588 (23.0%) 
167/587 (28.4%) 
142/579 (24.5%) 
119/518 (23.0%) 
*Participants with rhematoid .arthritis excluded. 
tThose with symptoms were more likely to get lateral X-rays, so that he prevalence of symptoms and clinical OA is higher in this group. 
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Table III 
Association of candidate definitions of radiographic osteoarthritis (OA) in anteroposterior 
view with clinical OA 
AP view 
Sensitivity* Specificityt Efficiency Z 2 
Left knee 
Kellgren & Lawrence _>grade 2 53.8% 
Any osteophyte _>grade 1 73.8% 
Any osteophyte _>grade 2 42.1% 
Any JSN ___grade 1 42.8% 
Any JSN _>grade 2 28.3% 
Any cyst 5.5% 
Any sclerosis 29.6% 
Sum osteophyte score _>2 51.7% 
Sum score of features _>2 59.3% 
Alternate 1 44.8% 
Alternate 2 53.1% 
Alternate 3 59.3% 
Right knee 
Kellgren & Lawrence >__grade 2 64.3% 
Any osteophyte _>grade 1 72.7% 
Any osteophyte ->grade 2 51.7% 
Any JSN _>grade 1 51.7% 
Any JSN _>grade 2 34.3% 
Any cyst 6.3% 
Any sclerosis 28.7% 
Sum osteophyte score _>2 60.8% 
Sum score of features _>2 67.1% 
Alternate 1 58.7% 
Alternate 2 62.9% 
Alternate 3 67.1% 
77.9% 65.8% 62.3 
54.7% 64.2% 39.6 
86.8% 64.4% 69.7 
76.0% 59.4% 21.9 
93.1% 60.7% 61.0 
97.8% 51.7% 5.3 
93.6% 61.6% 73.7 
76.6% 64.1% 48.7 
69.7% 64.5% 45.3 
85.2% 65.0% 70.5 
76.2% 64.6% 51.6 
69.7% 64.5% 45.3 
75.3% 69.8% 89.6 
51.3% 62.0% 28.1 
86.5% 69.1% 113.2 
70.2% 61.0% 26.2 
91.2% 62.7% 70.4 
98.2% 52.2% 10.3 
93.4% 61.0% 66.0 
74.3% 67.6% 70.0 
66.1% 66.6% 56.3 
83.4% 71.1% 121.6 
72.9% 67.9% 71.0 
66.1% 66.6% 56.3 
*Sensitivity: of those with clinical OA, percentage with radiographic feature(s) listed. 
~'Specificity: of those without clinical OA, percentage without radiographic feature(s) listed. 
N = 955 left knees; N = 955 right knees. JSN, joint space narrowing. 
Table IV). Including radiographic information 
from the lateral view enhanced the diagnostic 
performance of some radiographic definitions and 
actually led to a worse performance for others; 
generally, sensitivity increased at the expense of 
specificity. The proportion of those without 
clinical OA who had X-ray changes is (100%- 
specificity). In the lefCknee, for example, using 
_>grade 2 ostephytes as the definition had a 
10,1% increase in sensitivity with the incorpor- 
ation of information from the lateral view (39.5 to 
49.6%), whereas pecificity fell 8% (83.2 to 75.2%), 
a net improvement in eff iciency of 1.1% (61.3 to 
62.4%) and a marginal drop in chi  square (27.4 to 
26.5). When small osteophytes were included in the 
OA definition (osteophyte _> grade 1), the worsened 
specificity induced by including the lateral view of 
the knee (43.7 to 28.1% = 15.6%) outweighed the 
improved sensitivity (74.0 to 85.7% = 11.7%), lead- 
ing to worsened efficiency (58.8 to 56.9%). 
The radiographic definitions that best identified 
knees with clinical OA were alternate definition 
1 and the definition of _>grade 2 osteophyte. 
For these definitions, adding information from 
the lateral view generally led to a slight 
improvement in diagnostic performance, especially 
when considering both left and right knee 
results. 
We selected a random knee from each partici- 
pant in preparation for the recursive part it ioning 
(CART) analysis. Sensitivity, specificity, efficiency 
and chi square using the randomly selected knee 
are shown in Table V. The highest efficiency was 
reached using alternate 1definition and chi square 
was maximized if the definition of OA used was 
_> grade 2 joint space narrowing. 
We then attempted to select the optimal 
radiographic definition of OA using recursive 
pa~it ioning methods. Using the randomly selected 
knee from each participant, we found that the 
individual radiographic feature selected to opti- 
mally differentiate participants with and without 
clinical OA was the alternate i definition. The best 
substitute for this definition was a definition of OA 
of osteophytes of _> grade 2 in severity. The single 
split (with two terminal nodes) was selected as 
having the lowest relative cost, a parameter 
dependent on the misclassification rate (after 
internal validation) and the complexity of the tree. 
Thus, the characterization of OA based on the 
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Table V 
Association of candidate definitions of radiographic knee osteoarthritis with clinical 
osteoarthritis in anterioposterior and lateral views using one randomly selected knee 
per person (518 knees) 
Definition of osteoarthritis Sensitivity Specificity Efficiency X 2 
Any osteophytes >_grade 1 82.5% 23.3% 52.9% 1.8 
Any osteophytes >_grade 2 50.0% 73.6% 61.8% 23.7 
Any JSN >_grade 1 54.2% 45.2% 49.7% 0.1 
Any JSN >_grade 2 38.3% 82.9% 60.6% 24.3 
Any cyst 6.7% 99.0% 52.8% 13.1 
Any sclerosis 23.3% 89.7% 56.5% 13.6 
Sum osteophyte 
score >2 65.8% 44.7% 55.3% 4.2 
Sum score of 
features >- 2 72.5% 36.4% 54.5% 3.3 
Alternate 1 55.8% 69.8% 62.8% 26.4 
Alternate 2 61.7% 44.5% 53,1% 1.4 
Alternate 3 72.5% 35.9% 54.2% 2.9 
JSN, joint space narrowing. 
1 definition only was preferred to more 
x :rees. 
Discuss ion  
~e:  nave confirmed previous analyses [3] 
s~ '~ ' t ing  that a definition of radiographic knee 
~ moderate to large osteophytes fficiently 
ified persons with clinical OA, but we suggest 
~ ~ alternate definition that includes moderate 
~6 ~:h~ge osteophytes but also characterizes knees 
~ ~ing  OA if there is advanced narrowing and 
~ i~e'~ one bony feature of disease (cyst, sclerosis 
~ s~al l  osteophyte) works slightly better than a 
de~t ion  restricted to osteophytes only. The 
recursive partitioning analysis corroborates his 
conclusion. Further, we believe it is a recommen- 
dation with face validity (clinical reasonableness). 
With respect o the other questions we posed, our 
results reveal that grade 1 osteophytes alone are 
relatively nonspecific--they are  highly prevalent 
i:n the knees of our elderly participants including 
asymptomatic ones and do not necessarily dis- 
ti~guish those with clinical OA. Also, our analysis 
suggest that adding lateral views slightly enhances 
the ability to more efficiently distinguish by 
radiograph those with clinical OA from those 
without it. 
While our definition of X-ray knee OA was 
developed using AP and lateral views, it is 
conceivable that it might be slightly different if 
semiflexed AP or PA views were used or if skyline 
views were employed. Joint space narrowing might 
perform better if X-rays were fluoroscopically 
positioned, leading to less variability in assess- 
raent of narrowing. This variability makes it 
difficult to evaluate narrowing accurately and 
led to lower interrater agreement on this feature 
(kappa = 0.50) than on osteophytes (kappa = 0.64). 
We recognize that the use of skyline views might 
even better identify those with isolated 
patellofemoral disease. Nonetheless, we suspect 
the proportion of participants in this sample with 
isolated patellofemoral OA (with no evidence of 
tibiofemoral OA) is rather small, thus, the modest 
increment in sensitivity (see Table IV) that 
occurred when we added information from the 
lateral views. McAlindon et al. [7] recently showed 
in our population that most participants with 
patellofemoral OA had combined tibiofemoral- 
patellofemoral OA rather than isolated 
patellofemoral OA. 
All radiographic definitions have, at best, 
modest correlations with clinical OA. Adding 
lateral X-rays and getting information on 
patellofemoral joints improves correlations of 
clinical OA with X-ray OA modestly at least in this 
elderly sample. 
It is reasonable to consider the possibility that 
radiographic definitions hould vary depending on 
the goal of the study. For risk factor studies in 
which it is important o minimize the number of 
falser-positive cases, high specificity is needed and 
the definition using osteophytes at least grade 2 is 
acceptable. For clinical studies whose goal is to 
identify those to include into studies, such a 
definition may be too restrictive, eliminating over 
50% of those with real clinical OA. 
As suggested by Spector et al. [3], the Kellgren 
and Lawrence grade works quite well as a 
definition of OA when AP knee views only are 
being studied. Even though it is an .osteophyte- 
based scale, it does not exactly parallel our 
osteophyte scale because we did not define our 
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osteophyte scale with a Ket lgren and Lawrence  
grade in mind. Ke l lgren and Lawrence  staging 
does not define a 'definite osteophyte '  by size. 
Further ,  it .is our  opin ion that  this s tag ing is 
appl ied us ing pat tern  recogn i t ion - - thus  our at- 
tempt  to define the components  of this s tag ing 
using a l te rnate  definit ions. This is, in part,  because 
Kel lgren and Lawrence  descr ipt ions of each grade 
and photograph ic  examples are open to some 
in terpretat ion  (e.g., how big is an osteophyte 
before it is character ized as 'definite'?). 
In summary ,  we suggest that  a knee be defined 
as showing rad iograph ic  OA in pate l lo femora l  or 
t ib iofemoral  compar tments  when rad iographs  
show ei ther  moderate  to large osteophytes,  or when 
they show moderate  to severe nar rowing  with 
bony changes in the same compar tment  as the 
narrowing.  
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